Introduction {#Sec1}
============

Inflammatory bowel diseases (IBD), including ulcerative colitis (UC) and Crohn's disease (CD), comprise a group of chronic immune-mediated disorders of the gastrointestinal system. The prevalence of IBD is increasing worldwide \[[@CR1]\]. With the ongoing population explosion in India, the disease burden of IBD in India is estimated to be one of the highest in the world in the near future \[[@CR2]\]. The use of steroids and long-term immunosuppression with tumor necrosis factor (TNF)-alpha antagonist agents and immunomodulators, forms the basis of treatment in IBD. These immunosuppressants increase the risk of infections and their severity as well as infection-related mortality in patients with IBD \[[@CR3]\]. The widespread use of such therapies warrants preventive measures, which include optimal immunization. The role of appropriate vaccination is highlighted in these patients as one of the top ten quality process indicators \[[@CR4]\]. In this review, we attempt to improve gastroenterologist's knowledge and emphasize the importance of vaccination in IBD patients.

Need for vaccination in patients with IBD {#Sec2}
=========================================

Patients with IBD have a life expectancy similar to the general population, except for patients with long-standing severe Crohn's disease \[[@CR5]\]. Infections are, however, common causes of death in patients with IBD. A study published by Kirchgesner et al. in 2018 showed that, among 190,694 patients with IBD, serious infections occurred in 8561 and 674 had opportunistic infections. The investigators also reported that combination therapy was accompanied by higher risks of serious and opportunistic infections than anti-TNF monotherapy \[[@CR6]\]. A similar finding was noted by a recent meta-analysis, which concluded that the combination of TNF antagonists, with systemic steroids, is associated with a higher risk of serious infection. Furthermore, monotherapy with an immunomodulator (azathioprine, methotrexate) is associated with a lower risk of infection as compared with monotherapy with a TNF antagonist \[[@CR7]\]. The risk of HBV reactivation is also higher in patients with IBD on chronic immunosuppression \[[@CR8]\].

The increased rate of infection in the IBD cohort is attributable not only to immunosuppression but also to the disease process, defective innate immune mechanisms, and other associated co-morbid conditions \[[@CR9]\]. Data show that IBD patients are specifically at higher risk for vaccine-preventable diseases, as vaccination rates are low in these patients \[[@CR10]\]. As the rate of infections is high in IBD patients, there is an obvious need to vaccinate these cohorts of patients.

Prevailing vaccination practice in IBD patients {#Sec3}
===============================================

Data from the West suggest that IBD patients do not receive preventive care at the same rate as patients in a general medical practice \[[@CR11]\]. A survey by Melmed et al. showed that, among 146 IBD patients, nearly 90% had factors that placed them at high risk for infection, including immune suppression. Only 28% of these patients received influenza vaccines, and less than 10% had been immunized against pneumococcus \[[@CR10]\]. Lack of awareness, insufficient counseling by the health care providers, doubt about the indication, and fear of side effects have been the most common reasons for non-immunization in patients with IBD \[[@CR12]\].

Expert consensus guidelines suggest that the complete history of immunization should be reviewed before starting patients on immunosuppressive therapy \[[@CR13]\]. The importance of vaccinating patients early in the course of the disease should be recognized. However, gastroenterologists do not often take an immunization history or discuss the needs of immunizations with their patients. The data also suggest that they have inadequate knowledge about recommended vaccinations for IBD patients. Additionally, almost one-third of them reported that they would incorrectly recommend a live vaccine to an IBD patient on a biologic therapy \[[@CR14]\]. Exacerbations of CD or UC are not thought to be caused by vaccinations. Data for specific vaccines are lacking, but the absence of a clear putative mechanism and reports of an association suggests this to be an unlikely consequence of any vaccine \[[@CR13]\]. Overall, there needs to be a paradigm shift in terms of vaccination of IBD patients, who are likely to get infected in response to their IBD treatments.

Levels of immunosuppression {#Sec4}
===========================

Evaluating the patient's immunosuppression level is extremely important before initiating the vaccination program in patients with IBD. Table [1](#Tab1){ref-type="table"} gives a precise definition of levels of immunosuppression \[[@CR15], [@CR16]\].Table 1Levels of immunosuppressionHigh-level immunosuppressionLow-level immunosuppression•Treatment ≥ 20 mg/day of prednisone or equivalent for ≥ 2 weeks and within 3 months of stopping•Treatment with 6-mercaptopurine ≥ 1.5 mg/kg/dayAzathioprine ≥ 3 mg/kg/dayMethotrexate ≥ 0.4 mg/kg/week or discontinuation within 3 months•Treatment with rituximab, infliximab, golimumab adalimumab, certolizumab pegol, natalizumab, or vedolizumab, or discontinued within 3 months•Patients with HIV infection with a CD4 T-lymphocyte count \< 200 cells/mm^3^•Patients with combined primary immunodeficiency disorder (e.g. severe combined immunodeficiency)•Patients receiving cancer chemotherapy, within 2 months after solid organ transplantation•Treatment \< 20 mg/day of prednisone or equivalent for ≥ 2 weeks•Treatment with 6-mercaptopurine \< 1.5 mg/kg/dayAzathioprine \< 3.0 mg/kg/dayMethotrexate \< 0.4 mg/kg/week or discontinuation within 3 months•Patients with significant protein-calorie malnutrition•Asymptomatic HIV-infected patients with CD4 T-lymphocyte counts of 200--499 cells/mm^3^*HIV* human immunodeficiency virus

Vaccines {#Sec5}
========

Scientific research has led to the development of numerous types of vaccines that safely elicit immune responses that protect against a particular infection. Researchers continue to investigate novel vaccine strategies for the prevention of existing and emerging infectious diseases. There are two major subtypes of vaccines: live vaccines and inactivated vaccines. Table [2](#Tab2){ref-type="table"} explains, in brief, the difference between these two vaccine subtypes and enlists adult vaccines indicated in IBD, which are available in India.Table 2Difference between live and inactivated vaccinesLive vaccineInactivated vaccine•Vaccines in which an attenuated form of an infectious organism replicates to produce an immune response•Live vaccines typically produce a more robust immune response compared with inactivated vaccines•Can pose a risk to immunosuppressed recipients•Live vaccines recommended in IBD patientsInfluenza nasalVaricella Zoster (Zostavax)Measles, mumps, and rubella (MMR)•Vaccines consisting of viral or bacterial proteins and carbohydrates that are grown in culture and denatured using heat or chemical methods•Because the organism of interest is inactivated, these vaccines typically produce a weaker immune response•Inactivated vaccines can be safely administered to patients on immunosuppressive therapy•Inactivated vaccines recommended in IBD patientInfluenza injectionTetanus/diphtheria/pertussis (Tdap)Pneumococcal 13 valent (PCV13)Pneumococcal polysaccharide (PPSV23)Hepatitis AHepatitis BHaemophilus influenza type B (Hib)Human Papilloma virusMeningococcal quadrivalent vaccineVaricella Zoster (Shingrix)*IBD* inflammatory bowel disease

Vaccination recommendations {#Sec6}
===========================

Ideally, the vaccination program in the patients with IBD should be initiated at the diagnosis of the disease and/or before immunosuppressant therapy. All the adult IBD patients, whether on immunosuppressive treatments or not, should receive non-live vaccines \[[@CR13], [@CR17]\]. Live vaccines are particularly contraindicated in patients on high-dose immunosuppressants given the risk of disseminated infection. Ideally, patients should be vaccinated when their disease is in a quiescent state and before starting immunosuppressive therapy. Live vaccines should be administered ≥ 4 weeks prior to immunosuppression and should be avoided within 1--3 months of stopping high-level immunosuppression. Below we describe each of the vaccines used in these patients with their dosing schedule (Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"}) \[[@CR13], [@CR15], [@CR17], [@CR18]\].Table 3Inactivated vaccine schedule for inflammatory bowel disease patientsVaccine (brand names)Target groupDosing schedule^a^CommentsInfluenza (FluQuadri)All patients0.5 mL IM annuallyLive-attenuated intranasal influenza vaccine is contraindicated in immunosuppressed patientsHepatitis A (Havarix, Biovac A)All patients0.5 mL IM at 0 and 6 monthsTiter testing before vaccination is recommendedHepatitis B (Engerix-B, Cefvac-B, GeneVac-B, Shanvac-B)All patients1 mL IM at 0,1 and 6 monthsAntibody titer testing before vaccination is recommended. Double-dose vaccine, accelerated double-dose, or combined hepatitis A and B vaccine is also recommendedHuman papilloma virus (Gardasil)9--14 years15--26 years27--45 years0.5 mL IM at 0 and 6 months0.5 mL IM at 0, 2, and 6 months0.5 mL IM at 0, 2, and 6 monthsQuadrivalent vaccine targeted against HPV types 6, 11, 16, and 18 is recommendedBased on shared clinical decision between patient and care providerTetanus diphtheriaPertussis--Tdap (Boostrix)All patients0.5 mL IM single dose between age 11--64 yearsA tetanus diphtheria- Td vaccine booster every 10 years is recommendedPneumococcus (Prevenar 13, Pneumovax 23)All patients0.5 mL IM PCV13 followed by a dose of 0.5 mL IM PPSV23 after 2--12 months; another dose of PPSV23 should be administered 5 years after the initial PPSV23 dose and the third dose after age of 65 yearsPatients may receive PCV13 1 year following PPSV23 if the later vaccine was given firstMeningococcal Vaccine(Menactra)High-risk^b^ patients between age 2--55 years0.5 mL IM two doses over 8--12 weeks apartDue to interference with PCV 13 immune response, Menactra should be given at least after 1-month interval of PCV13 vaccineHerpes Zoster(Shingrix)Patient age \> 50 years0.5 mL IM two doses at 0 and 2--6 monthsPatients who previously received the live vaccine should complete the Shingrix series as recommended*IM* intramuscular, *HPV* human papillomavirus, *Td* Tetanus and diphtheria vaccine, *PCV* pneumococcal vaccines, *PPSV* pneumococcal polysaccharide vaccine, *T dap* tetanus, diphtheria, and acellular pertussis^a^Dose of vaccine may vary. Please refer to the product monograph before administration^b^See textTable 4Live vaccine schedule for inflammatory bowel disease patients^a,b^Vaccine (brand names)Target groupDosing schedule^b^CommentsMumps, measles, rubella (M-M-R)If vaccination history unknownTwo doses 0.5 mL IM at least 4 weeks apartContraindicated in patients on immunosuppressionVaricella (Zuvicella)If vaccination history unknownTwo doses 0.5 mL SC at least 4 weeks apartContraindicated in patients on immunosuppressionHerpes zoster (Zostavax)Patients age \> 50 years with unknown vaccination history irrespective of previous exposureSingle dose of 0.65 mL SCPatients on low-level immunosuppression may be vaccinated*IM* intramuscular, *SC* subcutaneous^a^Live vaccines should be administered in IBD patients 4--6 weeks before initiating immunosuppressive therapy^b^Dose of vaccine may vary. Please refer to the product monograph before administration

Inactivated vaccines {#Sec7}
====================

Influenza vaccine {#Sec8}
-----------------

Influenza is usually a respiratory illness with symptoms of fever, myalgia, headache, cough, and sore throat. Influenza infection occurs as an annual epidemic. Due to the frequent antigenic drift that occurs in this virus, a new vaccine is produced annually. In India, the rise in influenza infection rates in the inter-seasonal period of the year, as evident in the year 2012 and 2015, is also being increasingly noted \[[@CR19]\]. Influenza vaccines can be in an inactivated form that is injected intramuscularly, and a live form which is administered intranasally. A live vaccine is to be avoided in immunosuppressed patients. In a recently conducted study of 140,480 patients with IBD as compared with patients without IBD, the former had a higher risk of influenza infection and the need for hospitalization. This risk is higher when patients are treated with immunosuppressive therapies. Furthermore, patients with IBD and influenza infection are more likely to acquire pneumonia and the need for hospitalization \[[@CR20]\].

Three different strains of influenza virus exist, namely A, B, and C. Strain C causes mild symptoms and do not cause epidemics. Vaccines are produced against the influenza strain A and B. Inactivated vaccine is found to be safe and well-tolerated in patients with IBD. Rates of seroprotection against strain A, regardless of immunosuppression status, are similar to the general population. However, seroprotection in immunosuppressed patients is attenuated towards the strain B of the vaccine \[[@CR21]\]. It is observed that the influenza vaccination significantly lowers the risk of influenza in immunosuppressed vaccinated patients compared with those who are not vaccinated \[[@CR22]\]. It is also studied that repeated yearly vaccination contributes to a consistent seropositive state \[[@CR23]\]. There are studies which have analyzed the high-dose influenza vaccines, which contain four times more hemagglutinin than the standard dose vaccine. A study showed that patients with IBD treated with anti-TNF monotherapy receiving high-dose influenza vaccine had significantly higher seroprotection than standard dose vaccines \[[@CR24]\]. The inactive influenza vaccine is safe in patients with IBD on immunosuppressants, with minimal-vaccine associated local reactions without any increase in IBD flares \[[@CR25]\]. Hence, the IBD patients should receive the inactivated or recombinant influenza vaccination (available in trivalent or quadrivalent forms) annually to target the evolving viral strain, regardless of the immunosuppression use.

Pneumococcal vaccine {#Sec9}
--------------------

*Streptococcus pneumoniae* is a common cause of pneumonia, meningitis, and septicemia, with a high fatality rate in India \[[@CR26]\]. Patients with IBD on immunosuppression, particularly corticosteroids and anti-TNF drugs, are at an increased risk of acquiring pneumococcal infections \[[@CR27], [@CR28]\]. Hospitalized IBD patients with pneumonia are at increased risk of death during hospitalization \[[@CR29]\]. Two forms of pneumococcal vaccines are recommended, namely the 13-valent conjugate vaccine (PCV13) and the 23-valent polysaccharide vaccine (PPSV23). Both these vaccines are recommended as these provide a broader seroprotection against multiple pneumococcal strains. The current recommendation advocates that the patients with IBD on immunosuppressive medications should be vaccinated once with the pneumococcal conjugate vaccine (PCV13) followed by pneumococcal polysaccharide vaccine (PPSV23) at least 8 weeks later. They should then receive a second dose of PPSV23 5 years after the first dose and finally a third dose after the age of 65 year. Alternatively, patients may receive PCV13 1 year following PPSV23 if the later vaccine was given first \[[@CR13]\].

A multi-center study conducted in India showed that a single dose of PCV13 vaccine is safe and immunogenic for preventing pneumococcal pneumonia in adults aged 50 to 65 year \[[@CR30]\]. This vaccine is generally safe and well-tolerated with minimal local reactions and without risk of IBD flare. Available data for pneumococcal vaccination in IBD patients suggest that combination therapy with an immunomodulator and a biologic agent may blunt vaccine responses significantly. Therefore, while all immunosuppressed adults can safely receive the vaccine, it should ideally be administered before initiation of immunosuppression \[[@CR31], [@CR32]\].

Hepatitis A and B viruses {#Sec10}
-------------------------

Hepatitis A virus is the common cause of viral hepatitis worldwide and in India \[[@CR33]\]. Hepatitis A titer should be checked in all patients with IBD. If patients are not seroprotected, a 2-dose schedule of the hepatitis A vaccine should be administered at 0 and 6 months. The overall efficacy of the hepatitis A vaccine in IBD patients is higher than 90%. Seroconversion rates are slightly diminished in patients on anti-TNF and/or other immunosuppressive therapy; however, they persist in being higher than 90% without any significant adverse reactions \[[@CR34]\].

The prevalence of hepatitis B virus (HBV) infection in IBD patients is higher compared to healthy controls \[[@CR35]\]. The risk of hepatitis B flare following the immunosuppressive therapy is also high \[[@CR36]\]. Furthermore, reactivation of HBV infection and subsequent acute liver failure requiring urgent liver transplantation or lethal outcome can occur during anti-TNF therapy \[[@CR37]\]. Therefore, HBV infection and vaccination status should be evaluated before starting anti-TNF therapy by determining the presence of HBV surface antigen, total core antibody, and surface antibody. HBV core antibody is measured to exclude a latent HBsAg negative HBV infection. In those patients with an isolated HBc antibody, an HBV DNA level should be measured. If the HBV DNA is negative, a complete HBV vaccination schedule as recommended should be administered.

The response rate to HBV vaccination is significantly lower in IBD patients than the general population. However, immunosuppressive therapy for IBD does not influence the vaccine response \[[@CR38]\]. The response rate can be improved by administering double-dose vaccination or 3 additional vaccine doses at 0, 1, and 6 months after titer assessment \[[@CR39]\]. Titer should be checked 1 to 2 months after the last dose, to confirm seroprotection \[[@CR15], [@CR17]\]. Titer less than 10 mIU/mL is considered inadequate. In these circumstances, a booster dose is recommended, and after that, if titers persist to be low, a re-administration of HBV vaccination series is suggested. However, even after administering a booster vaccination, the rate of seroprotection is significantly lower than the general population. The combined use of HAV and HBV vaccines also seems to improve the overall seroconversion rates \[[@CR15]\]. Indian consensus suggests the administration of accelerated double doses (40 μg at 0, 1, and 2 months) of the HBV vaccine in immunosuppressed patients, followed by the two yearly titer evaluation to confirm immunity \[[@CR40]\].

The Food and Drug Administration approved a new two-dose HBV vaccine (HepB-CpG, Heplisav-B, Dynavax) in July 2017, which can be given over 1 month instead of 6 months. The HepB-CpG vaccine is a yeast-derived vaccine prepared with a novel immunostimulatory sequence adjuvant, recommended for use in all patients over the age of 18 year. However, no study has evaluated this new vaccine in IBD populations and the Indian consensus on HBV vaccination was released before the advent of this new vaccine \[[@CR41]\].

Human papilloma virus {#Sec11}
---------------------

A strong causal association between the human papillomavirus (HPV) and cervical, penile, anal, and oropharyngeal cancers has been demonstrated \[[@CR42]\]. As per the worldwide cancer database 2018, 60,000 deaths and 97,000 new cases were detected in India alone \[[@CR43]\]. Cervical cancer is the second most common cancer in Indian women aged 15--44 years. The high burden of cervical cancer in India and Southeast Asian countries is due to poor to moderate living standards, a high prevalence of HPV infection, lack of screening, and poor overall HPV vaccination \[[@CR44]\]. The incidence of HPV-related cancer is typically higher in IBD patients with an overall poor prognosis and increased cancer-related mortality as compared to non-IBD patients \[[@CR45]\]. A recently published meta-analysis found that the patients with IBD on immunosuppressant therapy had an increased risk of cervical high-grade dysplasia/cancer as compared to healthy controls \[[@CR46]\].

Two types of HPV vaccines are commonly used. A bivalent vaccine (Cervarix) that is effective against 2 HPV serotypes (16,18), and a quadrivalent vaccine (Gardasil) effective against 4 HPV serotypes (6, 11, 16, and 18) associated with the highest risk of progression to cervical and anogenital cancer. A quadrivalent vaccine is recommended for all women and men with IBD up to the age of 26 year. Gardasil is given in three doses at 0, 2, and 6 months for patients aged 15--26 year \[[@CR13], [@CR15]\]. As per the recent recommendation, children aged 9--14 year may instead receive only two doses 6 months apart. On October 5, 2018, the Food and Drug Administration (FDA), USA approved Gardasil for adults aged 27 through 45 years \[[@CR47]\], while its use in a specific IBD population is unclear at this point. This vaccine is found to be equally efficacious in patients with IBD on immunosuppressants, and there are no clinically significant vaccine-associated adverse events \[[@CR48]\]. It is also recommended for all the women with IBD on immunosuppressive therapy to undergo annual cervical cancer screening \[[@CR13]\].

Tetanus, diphtheria, and pertussis {#Sec12}
----------------------------------

Tetanus is a rare neuromuscular condition caused by the neurotoxin produced by *Clostridium tetani*. *Bordetella pertussis* causes a highly contagious upper respiratory infection known as whooping cough. Diphtheria is a serious bacterial infection caused by *Corynebacterium diphtheriae*, usually affecting the mucous membranes of the nose and pharynx. Tetanus and diphtheria vaccine (Td) is recommended every 10 years, and the tetanus, diphtheria, and pertussis (Tdap) vaccine should be given at least once during this period. IBD patients on immunosuppressants have lower antibody concentrations to tetanus toxoid, diphtheria, and pertussis \[[@CR49]--[@CR51]\]. Because of low antibody titers in patients receiving immunosuppressants, it is ideal to receive Tdap before starting immunomodulators, particularly when used in combination with anti-TNF agents. No adverse reactions are noted following vaccination.

Meningococcal vaccine {#Sec13}
---------------------

Meningococcal disease is a rare but serious and life-threatening illness caused by the bacterium *Neisseria meningitides*. Meningococcal infection can cause sepsis and meningitis resulting in permanent disabilities and rarely death. Individuals living in college dormitories, traveling to endemic areas, military recruits, laboratory personnel, and healthcare workers who are exposed routinely to *Neisseria meningitides*, patients with complement deficiencies, and asplenia are at high risk of developing a meningococcal infection.

Available meningococcal vaccines include quadrivalent conjugate vaccines (for protection against serogroups A, C, Y, and W) and monovalent vaccines (for protection against serogroups A, B, and C). In India, presently two conjugate vaccines, the quadrivalent vaccine and the monovalent vaccine against A serotype, are available for use. A vaccine against serotype B is generally recommended in the West. A two-dose primary series of quadrivalent conjugate vaccines administered 8--12 weeks apart is recommended for persons aged 24 months through 55 years \[[@CR52]\]. No study to date has assessed the immunogenicity of the meningococcal vaccine in the IBD population. However, as the vaccine is noninfectious, it is safe and recommended for use in at-risk individuals with IBD, regardless of their immunosuppression status.

Typhoid vaccine {#Sec14}
---------------

Typhoid is an acute infectious illness associated with fever that is most often caused by the *Salmonella typhi* bacteria. Typhoid fever continues to have a significant disease burden in India, particularly among young children \[[@CR53]\]. The available vaccines for typhoid fever include inactivated whole-cell vaccine, live oral Ty21a vaccine, injectable Vi polysaccharide vaccine, and Vi-rEPA vaccine. The injectable Vi polysaccharide vaccine is currently recommended for use in India. This vaccine is given as a single intramuscular dose of 0.5 mL after 6 months of age, with revaccination every 3 years \[[@CR54]\].

Despite being one of the most frequent causes of bacterial gastroenteritis among the general population, data about the role of *Salmonella* infection in IBD patients are very scarce and controversial. Some data are suggesting that *Salmonella* can complicate the IBD course, whereas other studies show that exposure did not worsen outcomes in IBD patients \[[@CR55]--[@CR57]\]. At present, the role of typhoid vaccination in patients with IBD is not clear.

Live vaccines {#Sec15}
=============

Varicella vaccine {#Sec16}
-----------------

Varicella-zoster virus (VZV) is the generally known for causing highly contagious chickenpox in children and herpes zoster/shingles in adults. The extent and severity of varicella infection in adults in tropical countries like India are significantly greater than the temperate countries \[[@CR58]\]. In India, more than 30% of the population aged more than 15 years is susceptible to varicella infection \[[@CR59]\]. A large student body with low immunization rates living in the dormitories provides a fertile ground for transmission of varicella. It highlights the potential role of vaccination in young adults in India \[[@CR60]\].

The currently available varicella vaccine is a live-attenuated vaccine of the Oka strain of VZV. This vaccine is indicated in adults without a history of varicella infection. A history of varicella infection should be assessed in all patients with IBD. If the patient denies a history of infection or if the history is uncertain, a titer of VZV should be tested. Patients whose titers are not seroprotective should be vaccinated. Two varicella vaccine doses 4 weeks apart are recommended. The patient should complete the vaccination 4 to 6 weeks before initiating the immunosuppressive therapy. For patients already on immunosuppressant therapy, a 3-month window after stopping this therapy is necessary before administering the vaccine. VZV vaccine is safe and immunogenic when given as per the recommended dosing schedule \[[@CR61]\].

Herpes zoster {#Sec17}
-------------

Herpes zoster, also referred to as shingles, is a painful dermatomal cutaneous eruption due to the reactivation of latent VZV that occurs more frequently among adults over the age of 60 years. Herpes zoster is common in the Indian population \[[@CR62]\]. Patients with IBD worldwide and in India treated with immunosuppressive therapies are at increased risk of developing herpes zoster at an early age compared with the general population \[[@CR63]\]. It is also associated with serious morbidity and mortality much more than any other vaccine-preventable disease \[[@CR64]--[@CR67]\].

Both vaccines (varicella and herpes) contain the same live-attenuated virus strain. However, the zoster vaccine contains significantly higher titer of live-attenuated virus (at least 19,400 plaque-forming units per dose) than the varicella vaccine (at least 1350 plaque-forming units per dose). Patients can be given zoster vaccine regardless of their previous primary varicella infection or prior history of herpes zoster. The vaccination is efficacious in significantly decreasing the incidence of herpes zoster and post-herpetic neuralgia. Mild reactions at the injection site were the only significant adverse effect noted in the recipients of this vaccine \[[@CR68]\]. Zoster vaccine is generally contraindicated in patients on high-dose immunosuppressive therapies. However, given the high risk of developing zoster infection in IBD patients, this vaccine is now indicated even in patients more than 50 years of age with low-dose immunosuppression \[[@CR69]\]. In tofacitinib-treated patients with UC, an elevated risk of herpes zoster (HZ) is noted \[[@CR70]\]. Tofacitinib-containing Xeljanz® label (summary of product characteristics) recommends not to use live vaccines among patients under treatment with tofacitinib.

Recently a new recombinant zoster (Shingrix) vaccine is also studied. The vaccine is given as a two-dose series at 0 months and 2 to 6 months after the first dose. It has been shown to significantly reduce the risk of HZ by \> 90%. The recent recommendations suggest that Shingrix is the preferred vaccine for use in immunocompetent adults aged ≥ 50 years. Shingrix should be safe to administer in the IBD population as it does not contain live HZV. Limited data in immunosuppressed patients (stem cell transplant recipients and human immunodeficiency virus \[HIV\] patients) suggest that Shingrix was immunogenic in these patient groups. In its preliminary report, it was found to be efficacious and did not exacerbate IBD \[[@CR71]\]. Additionally, patients who previously received the live vaccine Zostavax should receive the Shingrix series as recommended. However, it is not yet available in India and also not recommended for patients on immunosuppressants.

Mumps, measles, and rubella vaccines {#Sec18}
------------------------------------

The measles-mumps-rubella (MMR) vaccine is usually recommended for all children and unvaccinated adult population. A significant number of adult IBD patients lack immunity to measles \[[@CR72]\]. The MMR vaccine is only available in live-attenuated form. This vaccine is contraindicated in patients with IBD treated with immunosuppressive therapy. In patients without a documented history of receiving the MMR vaccine series, MMR titers should be checked during the initial IBD visit. If titers to any of the three viruses are low or absent, patients should be vaccinated with the standard two doses of MMR. Vaccination is safe in the IBD patient as long as the patient has not been on immunosuppressive therapy within the previous 3 months and has no plans to start therapy in the next 1 to 3 months.

Vaccination in special situations {#Sec19}
=================================

Immunization in children with IBD should follow the same rules as adults. Patients on high-dose immunosuppression should not receive live vaccines. It is generally not advisable to administer vaccines during flares of IBD as there are concerns regarding the impaired immune response. However, clinicians should ensure that the catch-up immunization of the child is completed at a later date. Vaccines can be administered in patients with IBD and pregnancy if clinically indicated. In general, live vaccines are contraindicated in pregnant women. Influenza and HBV vaccines are recommended in those who are susceptible to this infection. Tdap vaccine can be given in the third trimester of pregnancy \[[@CR15]\].

Household contacts of IBD patients with high-dose immunosuppression can receive all inactivated vaccines. Household contact can also receive MMR, varicella, and zoster vaccines. However, if the household contacts develop a rash following vaccination with varicella or zoster, then contact with them should be avoided \[[@CR13]\]. Multiple vaccines can be administered during a single office visit. However, care must be taken that each vaccine is injected at a different anatomical site \[[@CR73]\].

Immunization: an Indian perspective {#Sec20}
===================================

The World Health Organization (WHO), as well as the Government of India, considers childhood vaccination as the priority. However, the focus on adult immunization in India is not yet optimum \[[@CR74]\]. Even in a developed country like the USA, the rates of adult vaccination for various vaccine-preventable diseases vary from 23.5% to 64.5% \[[@CR75]\]. There are many issues like assessing the efficacy, safety, and cost of introducing vaccines for adults at the national level, which are not yet resolved. There is also an urgent need to raise awareness among the health policy makers as well as health care providers regarding this issue. Also, it is challenging to assess seroprotection offered by a particular vaccine, in the absence of titer measurements. However, given the epidemiology and severity of disease, vaccines against HBV, influenza, pneumococcus pneumonia, and herpes zoster should be given some priority over the rest.

Vaccination in adult patients with IBD specifically should become a part of routine practice as it can save a large number of lives in India alone. The quest for newer and better vaccines continues, with evolution in science and technology. The most awaited vaccine in the present scenario would be against the novel corona virus disease-19 (COVID-19).

In conclusion, treating IBD patients often includes taking difficult medical decisions. Gastroenterologists remain primary care providers for them. These patients are immunosuppressed and susceptible to many vaccine-preventable diseases. Hence, vaccinating them is of paramount importance. All the gastroenterologists must have precise knowledge of vaccination in this select group of patients. Vaccination of a patient should be done, taking into account his/her age, comorbidities, IBD disease activity, immunosuppressive therapy, nutritional status, the risk of exposure to pathogens, and geographic clustering. Whenever feasible, vaccination should best be initiated before immunosuppression. Furthermore, vaccination should never delay essential medical therapy required in these patients.
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